In this paper, we consider a charged rotating black hole in three dimensions with a scalar charge, and discuss thermodynamics quantities. We find effects of the black hole parameters on the temperature, entropy, free energy, total energy and specific heat. We also investigate the stability of the black hole and study phase transition. We consider the first law of thermodynamics and find that satisfied. 
Introduction
Lower dimensional theories may be used as toy models to study some fundamental ideas which yield to better understanding of higher dimensional theories, because they are easier to study [1] . These are useful for application of AdS/CFT correspondence [2] [3] [4] [5] . In the formulation of this correspondence, fields of gravitational theory would be related to the corresponding boundary theory operators; their boundary values should couple to the operators. In this way, instead of using the boundary field theory to obtain the correlation function of quantum operators, one can determine fields by using the thermal physics of black holes and use fields to compute the correlation functions. Three-dimensional black holes were recently introduced by [6] and [7] . Charged black holes with a scalar hair in (2+1) dimensions, and rotating hairy black holes in (2+1) dimensions were constructed respectively by [6] and [7] . Here we are interested in a rotating charged black hole with a scalar hair in (2+1) dimensions. Recently, a charged rotating hairy black hole in three3 dimensions, corresponding to infinitesimal black hole parameters, were was constructed [8] and which will be used in this paper. AAs we known, tThe thermodynamics properties of all kinds of black holes are associated with the presence of the event horizon. In the Ref. [9] it has been shown that the (2 + 1) dimensional field equations for the a black hole with non-linear electrodynamics can be interpreted as the differential first law of thermodynamics [10] . The 3 − D black hole considered in this paper, can reduce to the famous BTZ black hole. The same idea was applied by [11] and [12] to BTZ black holes to show that the thermodynamic interpretation of the field equations holds for both the static and non-static BTZ backgrounds in 3 − D gravity. Thermodynamic study of some kinds of black hole may be useful from an AdS/CFT correspondence point of view, and give us useful information about the black holes. In this way, the thermodynamics of special cases were recently studied by [13] and [14] . Ref. [13] investigated the critical behaviors of a class of 3 − D black holes with a scalar field hair, where the cosmological constant was considered as a thermodynamic pressure with a black hole volume as a conjugate quantity. On the other hand, Ref. [14] has studied thermodynamics, statistics and spectroscopic aspects of a charged black hole with a scalar hair coupled to the gravity in (2+1) dimensions. These authors found the effects of the black hole charge and scalar field on the thermodynamical and statistical quantities, showing that scalar charge may increase entropy, temperature and probability, whileblack hole mass, free-and internal energy may decrease. The effect of the electric charge is found to increase probability and decrease temperature and internal energy. The stability of this model is also verified in Ref. [14] . In this article, we extend previous works and study thermodynamics of a complete system including rotational parameters, scalar charges and electric charges. In this way, we can obtain the effects of black hole parameters on thermodynamics quantities.
Charged rotating hairy black hole in (2+1) dimensions
The (2+1)-dimensional gravity with a non-minimally coupled scalar field is described by [7] ,
where ξ is a coupling constant between gravity and the scalar field which will be fixed as ξ = 1/8, and V (φ) is a self-coupling potential. The metric background is given in [7] as,
with [8] ,
where Q is an infinitesimal electric charge, is an infinitesimal rotational parameter and is related to the cosmological constant as Λ = − 1 2 . Also, β is an integration constant (singular number) that depends on the black hole charge and mass as follows,
and the scalar charge B is related to the scalar field,
Rotational frequency is obtained using,
and,
One also obtains the following Ricci scalar: (8) which is singular at = 0. Finally, in [8] it was found that,
where is the black hole horizon radius.
Thermodynamics
The black hole temperature and entropy are obtained by the following relations [13, 15] 
where we used T = κ/4π with surface gravity κ = . Using relation (10) we can obtain the entropy and temperature in terms of the black hole parameters. In order to find the effects of the black hole parameters B, and Q on these quantities we discuss them graphically. In Fig. 1 we give the black hole temperature in terms of the black hole scalar charge and see that the black hole temperature increases with the increase of B. For large values of the scalar charge it seems to approach some constant value. function. Evolution of the temperature with the black hole charge is opposite to the two previous parameters (see Fig. 3 ). We can see that the increase of the electric charge causes the decrease of the temperature. However, there are lower and upper bounds for Q. This is due to thermodynamic stability. As we know, the charged black hole's stability may depend on the black hole's charge [16] , so the value of the black hole's charge may determine the stability of system. Here we can see that Q > 5 yields negative temperature, therefore we can interpret this as an upper bound of the black hole charge. On the other hand for the case of Q ≤ 1 5, the black hole temperature diverges and we interpret this as a lower bound of the black hole charge. Hence, in the interval 1 5 ≤ Q ≤ 5, we have a stable black hole (taking M = 1, B = 1, = 1 and = 0 1).
Similar behavior is observed for the black hole entropy which is illustrated in Fig. 4 as scalar-charge dependent, in Fig. 5 as rotation dependent, and in Fig. 6 as electriccharge dependent. We can see that the black hole entropy does not depend on the parameter . In Fig. 7 we can see the behavior of specific heat in terms of the scalar charge of the black hole, which can be obtained using
In the left plot of Fig. 7 we vary black hole electric charge. We can see that, for the case of B = 1 and = 1 the black hole is stable for 1 5 ≤ Q < 5 as discussed already. However, there are some unstable regions for various values of parameters. So, we investigated the black hole phase transition using the Fig. 7 . In contrast, the right plot was obtained by variation of and shows unstable regions. Also using the relation, we can obtain an expression for the free energy as follows:,
Inserting the black horizon (9) into the equation (13) gives us the behavior of the free energy with the black hole hairs. One can easily find that the scalar charge and the rotational parameter decrease the value of the free energy, but increasing the electric charge increases the value of the free energy. In order to have a connection with Euclidean methods one should use the following relation,
where Z is the partition function which is given by, and is in agreement with our results. Then, Wwe can then investigate the total energy (inner energy) of the black hole using the following relation,
We find the behavior of the inner energy with the black hole parameters numerically, which presented in Fig. 8 . We can interpret the internal energy of the black hole as the mass of the solution. The conserved quantities for M, , and Q may be computed at first by integrating the first law of thermodynamics,
Easily one can check that the first law of black hole thermodynamics satisfied in the case of this black hole.
Conclusions
In this paper, we considered a charged rotating black hole in (2+1) dimensions with a scalar charge and discussed about thermodynamics quantities such as temperature and entropy. We found that the increasing of the black hole scalar charge as well as rotational parameter causes the increasing of these thermodynamic properties. Then, we found that the increasing of the electric charge (which can range between a lower and a higher value bound in order to have thermodynamic stability) causes the decreasing of the value of the temperature. Numerical analysis of the black hole entropy suggests similar behavior for the temperature in terms of the black hole hairs. We were also able to obtain the behavior of the specific heat and found that the black hole is stable for selected values of the parameters appearing in Figs. 1-6. However we investigated specific heat for several values of parameters to see phase transition. Moreover, we studied behavior of the free energy with the black hole parameters and found that the black hole electric charge enhanced the free energy while the scalar charge and rotational parameters reduced one.
